. The laboratory alone was responsible for 60% of the incidents; 21% were due solely to problems outside the laboratory's authority. The laboratory function most frequently implicated in incidents was specimen processing (31%). The preanalytic testing phase was involved in 71% of incidents, the analytic in 18%, and the postanalytic in 11%. The most common preanalytic problem was specimen transportation (16%). The average preventability score was 4.0 (range, 1-5; median, 4; scale, 1-5), and 94 incidents (73%) were preventable (score, 3 or more 
The Institute of Medicine report, To Err Is Human, 1 generated widespread interest in medical error and adverse events in health care, as well as strategies for reducing them. 2 Existing studies have characterized the epidemiology and impact of actual and potential adverse events in a variety of settings. [3] [4] [5] [6] [7] [8] However, these studies, including benchmark population studies of adverse events among hospitalized patients, 3, 8 do not provide explicit information about adverse and potential adverse events related to clinical laboratory services.
Knowledge about actual and potential adverse events related to laboratory services comes from a small number of studies that have focused on the rate of laboratory errors and the classification of the errors by cause, phase of testing, responsible party, and extent of harm to the patient [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] (for review, see Bonini et al 20 ) . Two studies investigated problems occurring across most hospital laboratory services, 9, 10 while other studies focused on problems within specific laboratory areas such as clinical chemistry, 11, 12 blood banking, 13, 14 stat testing, 15 and genetic testing. 16 The study of actual and potential adverse events related to laboratory testing would benefit from a commonly used, rigorous classification scheme that identifies preventable problems most likely to lead to patient injury and suggests solutions for those problems. 20 We describe a tool that characterizes the nature of important errors and adverse events involving laboratory services. We evaluated the retrospective application of this tool to 129 incidents identified by internal laboratory incident reports or risk management reports as involving some aspect of the clinical laboratory services at a major academic medical center.
Materials and Methods

Participating Institution
The participating institution is an academic medical center in the United States. The institutional review board of the host academic medical center approved the study.
The medical center laboratory system receives 750,000 requisitions and reports 3.8 million test results per year, with approximately 55% of the results pertaining to inpatients and 45% to outpatients. The laboratory system consists of a core laboratory that performs the majority of testing, an intermediate service laboratory in a smaller affiliated hospital, and 3 outpatient locations used for phlebotomy and specimen processing. Specimen transport between laboratory locations is by automobile or foot courier. Inpatient specimens are transported to the core laboratory by foot or by a dumbwaiter located on each hospital floor. There is no pneumatic tube system.
Laboratory employees perform the majority of outpatient phlebotomy services, and hospital personnel not managed or employed by the laboratory (medical assistants organized as a mobile phlebotomy team, nurses, physicians, and a variety of trainees) perform the majority of inpatient phlebotomy services.
Incident Report Database
This retrospective study analyzed an existing database residing in the clinical laboratory. The database covered the period June 2000 (when the database was initiated) through September 2001, and included 168 laboratory-related incidents reported through the laboratory's internal incident reporting system or through the hospital's risk management reporting system. At the medical center studied, incident reports are encouraged when a problem occurs that actually or potentially has an important negative impact on patient care. The risk management incident reports were those referred by the medical center's risk management team to the clinical laboratory director because the incidents were related to laboratory testing services.
Each case in the database relates to a specific incident report and contains the following information: (1) location of the patient involved in the incident, for example, the medical intensive care unit; (2) a synopsis of the incident from the incident report form; (3) key findings of the investigation of the incident report; (4) corrective action related to the incident; and (5) assessment of the impact to the patient.
This study includes cases from the database in which the incident report met all 4 of the following criteria: (1) not related to an employee injury; (2) not related to the administration of blood products; (3) related to a specific incident, rather than a general complaint; and (4) related to an actual or potential patient injury and not solely a patient service complaint. Of the original 168 cases in the database, 129 (77%) met these criteria. Of these 129 cases, 44 (34%) were derived from risk management incident reports and 85 (66%) from internal laboratory incident reports.
Classification of Each Incident Report
Each incident in the database was classified as an actual or a potential adverse event and further characterized in terms of impact on the patient, responsibility for the incident, and phase of testing (preanalytic, analytic, postanalytic) involved in the incident. In addition, preventability was assessed for each incident. Because we were interested in developing a classification tool that could be used easily by others, we asked reviewers (see "Review of Cases") to assess how well the classification scheme captured the salient features of each incident. Similarly, reviewers were asked for each case to list information that would have improved the accuracy of the classification had it been provided. Last, reviewers were provided with a general comment field to record any other free text comments about the case that were not recorded by the classification system.
Adverse and Potential Adverse Events
An actual adverse event was defined as an injury to a patient caused by medical management rather than by a disease process, in which the injury resulted in disability or prolonged hospital stay. 3, 8 A potential adverse event was defined as an error or incident that produced no injury but had the clear potential to do so. Such errors may have been intercepted before producing harm or may have reached the patient but, by good fortune, produced no injury. When the occurrence of injury could not be determined, incidents were classified as potential adverse events.
Specific and Potential Impacts on Patient Care
All cases, whether adverse or potential adverse events, were scored for the presence or absence of the following specific impacts: (1) specimen redrawn or recollected, (2) delay in receiving test results (receiving results after the time the results would have been expected in the absence of a laboratory service problem), (3) incorrect test results sent to provider, (4) none of the above, or (5) unable to determine. More than 1 of the first 3 categories could be selected. In addition, for adverse events only, the specific injury was described with a text comment.
For potential adverse events, the potential impact to patient care was scored using a scale graded from 1, very unlikely to adversely affect the patient's health, to 5, very likely to adversely affect the patient's health. For cases with insufficient information, the case was scored as "unable to determine." Because the purpose of the classification system is to detect the problems most likely to injure patients, the following scoring rules were adopted regarding turnaround times, incorrect results, and patient care settings. Incidents involving the following conditions could be scored as no less than 3: (1) total turnaround times of longer than 2 hours for any stat request, (2) total turnaround times of longer than 8 hours for routine requests on hospitalized patients, and (3) incorrect results reported. These conditions could be scored a 4 or 5 if exacerbating factors (eg, critically ill patient, loss of irreplaceable specimen, incorrect treatment given) also were present. Any incident involving a critical care setting, such as the intensive care unit, the emergency room, or the operating room, started with a score of 3 and could be moved up or down by exacerbating or mitigating factors.
Responsibility for Incident
The categories for responsibility for the incidents were as follows: (1) the laboratory, (2) outside the authority of the laboratory, and (3) unable to determine. An incident could be assigned to both the laboratory and outside the laboratory. The incident was assigned to the laboratory if the problems involved personnel, equipment, services, or policies for which the laboratory was responsible. An incident was assigned as outside the authority of the laboratory if the problems involved personnel, equipment, services, or policies for which the laboratory was not responsible. In addition, problems involving the transportation of the specimen to the laboratory from within the academic medical center were defined as outside the authority of the laboratory. If a problem was assigned to the laboratory, the laboratory function associated with the problem also was chosen. The 12 functions were phlebotomy, processing, chemistry, hematology, coagulation, microbiology, virology, immunology, molecular diagnosis, blood banking, laboratory information system, or unable to determine. More than 1 laboratory function could be chosen.
Phase of Laboratory Testing
The categories used for the general phase of laboratory testing were preanalytic, analytic, postanalytic, and unable to determine, and cases could involve more than 1 phase of testing. The preanalytic phase was defined as all procedures from the time the test was ordered until the specimen was analyzed by an instrument or other method. It included ordering the test by the provider, specimen collection, specimen labeling, specimen transportation, logging of the specimen into the laboratory information system, and specimen processing. The analytic phase was defined as analysis of the specimen by automated, semiautomated, or manual methods. The postanalytic phase was defined as all procedures from the time a result was produced in the laboratory until the provider interpreted the result. It included results verification in the laboratory, entry into the laboratory information system, and communication of the result to the provider by any of a number of methods, including computer display, fax, remote printer, mailed report, or oral communication.
After selecting the general phase of testing, 1 or more detailed classifications were selected within the general phase. For the preanalytic phase, the more detailed classifications were as follows: (1) requisition incorrect; (2) patient injured during phlebotomy; (3) patient unhappy with phlebotomy customer service; (4) primary specimen or aliquot mislabeled or unlabeled; (5) no specimen collected; (6) incorrect tube used or "order-of-draw" problem; (7) specimen suboptimal or ruined; (8) specimen lost or delayed in transport; (9) specimen delayed or lost in the laboratory; (10) specimen lost or delayed (unable to assign to inside or outside the laboratory); (11) failure to order, add, or modify a test; (12) data entry error or other information systems problem; and (13) other. For the analytic phase, the 3 more detailed classifications were (1) human error, (2) instrument error, and (3) other. For the postanalytic phase, the 3 detailed classifications were (1) results delayed, not reported, or reported to the wrong provider; (2) incorrect results reported because of postanalytic data entry error; and (3) other.
Preventability
A preventable problem was considered an error that was reasonably avoidable, in which the error was a mistake in performance or thought. 21 Preventability was scored on a scale of 1, definitely not preventable, to 5, definitely preventable. A score of 3 or more indicated a preventable incident.
Problems also were classified based on a cognitive psychology model because this classification helps design interventions for problems (see the "Discussion" section). Cognitive psychologists often divide tasks into 2 categories: attentional vs schematic. 22, 23 Attentional behaviors are associated with a strong mental effort, for example, learning a new piece of music, analyzing test results, or creating a treatment plan for a patient. Most defects in attentional behavior are cognitive errors (also known in the psychology literature as "mistakes"), which are defined as incorrect choices owing to insufficient knowledge, misinterpretation of available information, or application of the wrong cognitive rule. Examples from laboratory testing are choosing the wrong test because of lack of knowledge regarding diagnosing a particular disease and misinterpreting a Gram stain because of inexperience.
Schematic behaviors are automatic or unconscious, so that several different types of schematic behaviors often are carried out concurrently, for example talking to a patient during phlebotomy while changing blood tubes. Most defects in schematic behavior are due to noncognitive errors (also known as "slips"), which are defined as inadvertent or unconscious lapses in expcteed automatic behavior. Examples from the clinical laboratory include an experienced phlebotomist using an incorrect sequence of blood tubes when obtaining specimens and data entry errors by experienced processing technicians or technologists.
The significance of the distinction between cognitive and noncognitive errors lies in the different responses to these 2 types of errors. Guarding against noncognitive errors typically calls for the use of checklists, introduction of machine automation, and other such strategies for avoiding the excepted lapses in concentration and vigilance that characterize human behavior. By contrast, strategies for reducing cognitive errors typically involve changes in training or supervision. Incidents were scored as due to cognitive errors, due to noncognitive errors, or unable to determine. An incident could involve both cognitive and noncognitive errors.
Confidence in Classification
For each case, the reviewer was asked: "What is your confidence in the classification of this case using the model?" Confidence was scored on a scale from 1 to 5, in which 1 was "not confident" that the classification scheme captured the salient features of the incident and 5 was "very confident."
Review of Cases
A board-certified clinical pathologist (M.L.A) reviewed all 129 cases, and the results from this pathologist are shown in the "Results" section below. In addition, 30% of the cases were chosen at random and then reviewed by 2 other boardcertified pathologists (T.R.H., V.L.N.). Interrater reliability was measured by using the Cohen κ statistic. There were a large number of items in the classification scheme, and the κ statistic was calculated for the following 5 higher order categories deemed to be most important for directing quality improvement activities: type of event, authority for the problems described in the incident, general phase of laboratory testing, preventability, and error type (if the incident was preventable).
Results
Results Overview and Examples of Cases
An overview of the classification of the 129 incidents is given in ❚Table 1❚. ❚Appendix 1❚ gives 4 illustrative cases from the database, along with the classification of the case.
Actual vs Potential Adverse Events and Their Impact on Patients
Of the 129 incidents, 122 (95%) were potential adverse events only, 6 (5%) were actual adverse events only, and 1 (1%) involved actual and potential adverse events ( Table 1 ). The frequencies of specific impacts on patient care are listed in ❚Table 2❚. The most common specific impacts were delay in receiving test results, which occurred in 110 cases (85%), and redrawing specimens, which occurred in 51 cases (40%). The 7 cases (5%) involving adverse events were phlebotomy-related injuries.
The 123 incidents involving potential adverse events were scored for potential impact on patient care. ❚Table 3❚ lists the frequency of occurrence of the 5 possible scores for potential impact and summarizes a typical incident * The 7 cases (5%) with specific injuries (adverse events) were phlebotomy-related injuries and included hematoma (2 cases), hematoma possibly complicated by cellulitis (1 case), pain at the phlebotomy site (2 cases), excessive blood drawn from an infant (1 case), and fainting and sustaining a gash to the forehead a few minutes after phlebotomy (1 case).
associated with each score. The average score for potential impact was 2.9 (SD, 1.0), and the median score was 3.
Responsibility for the Incidents
The classification of the 129 incidents by responsible party and a summary of an incident from each of the 3 main categories are given in ❚Table 4❚. Of 129 incidents, 94 (73%) involved the laboratory, including 78 (60%) that involved only the laboratory and 16 (12%) that also had a component outside the authority of the laboratory.
The specific laboratory functions involved in the 94 incidents in which a laboratory problem was involved are given in ❚Table 5❚. Of the 94 incidents, 92 involved 1 laboratory function, and 2 involved 2 functions. The most frequent functions implicated were processing (31% of 129 incidents), microbiology (19%), and phlebotomy (12%).
Phase of Testing
Categorization of the incidents by the general phase of laboratory testing and the specific components within each phase is given in ❚Table 6❚. Of the 129 incidents, 92 (71%) involved the preanalytic phase, 23 (18%) the analytic phase, and 14 (11%) the postanalytic phase. In 2 (2%), the phase could not be determined. The most common preanalytic problems involved specimen transportation to the laboratory (16% of incidents), specimens lost or delayed inside the laboratory (13%), and data entry errors (12%). Only 1 incident (1%) was caused by an instrument error.
Preventability and Cognitive vs Noncognitive Errors
The classification of 129 incidents by preventability on a scale of 1 to 5 and summaries of an incident associated with each score are given in ❚Table 7❚. The average score for preventability was 4.0 (range, 1-5), and the median was 4. Of the 129 incidents, 94 (73%) were preventable.
The results obtained when the 94 preventable incidents were classified as noncognitive or cognitive errors and summaries of incidents from each category are given in ❚Table 8❚. There were 69 incidents (73% of 94 preventable incidents) that involved a noncognitive error, including 64 (68%) that involved a noncognitive error only and 5 (5%) that also involved a cognitive error. There were 28 incidents (30%) that involved a cognitive error, including 23 (24%) that involved a cognitive error only and the same 5 (5%) that also involved a noncognitive error.
Confidence in Classification and Missing Data
The average score for confidence in the classification of the 129 incident reports was 3.7 (range, 1-5), and the median was 4. The most commonly missing data were patient care setting and patient outcomes.
Interrater Reliability
Interrater reliability was near perfect for the general phase of laboratory testing (κ = 0.87) and excellent for the type of event (ie, actual vs potential adverse event, κ = 0.79) and responsibility for the incident (κ = 0.74). By contrast, reviewer agreement about preventability was only slightly better than that expected by chance (κ = 0.10). Thus, we assessed error type only in cases unanimously judged as preventable. In these 22 cases, agreement was fair for error type (ie, cognitive vs noncognitive, κ = 0.38).
Discussion
We developed a classification system to characterize incident reports related to laboratory services and tested the system by applying it retrospectively to 129 incident reports. Our overall objectives were to develop a tool that characterizes the nature of important laboratory errors, 20 implement the tool, and intervene to reduce the problems identified. The results suggest that the system is feasible to implement and produces results that can guide an individual laboratory's quality improvement activities.
The specific results obtained are similar to those of other studies of hospital-based laboratories regarding the phase of laboratory testing most frequently involved in errors. [9] [10] [11] [12] 15, 16, 19, 20 The main theme in these studies is the predominance of preanalytic errors. To our knowledge, there has been 1 other study of laboratory-related incident reports, 9 and the results of that study are similar to ours. In that study, 133 laboratory-related incident reports from 1 hospital were analyzed. The laboratory was responsible for 66% of the incidents, and the most common problems for which the laboratory was responsible were incorrect results reported or delays in reporting results, and the most common problems outside the laboratory were wrong patient identification and requisitions lacking the test request.
For interrater reliability, we found that general features of events, such as phase of laboratory testing and authority for the incident, could be classified with high reliability, but the reliability for judgments related to error type and preventability was poor. These findings recapitulate the pattern seen in larger studies of medical error and adverse * The sum of the general items is 131, since 2 incidents involved 2 general phases. The sum of the specific items is 159, since many incidents were associated with multiple preanalytic problems. All percentages are based on 129 incidents.
events. For example, in the Harvard Medical Practice Study, 3 physician reviewers exhibited substantial agreement in identifying the presence of adverse events (κ = 0.61) but only "fair" agreement in identifying negligent care (κ = 0.24). In a recent study that focused on the issue of interrater reliability, the authors noted that "if one reviewer rated a death as definitely or probably preventable, the probability that the next reviewer would rate that case as definitely not preventable (18%) was actually slightly higher than the probability that the second reviewer would agree with the first (16%)." 24 The one study to achieve even fair to modest interrater reliability for judgments related to preventability and error type required intensive training for reviewers and eliminating reviewers who consistently yielded divergent judgments. 8 One reason for poor agreement among physicians about preventability is that physician reviewers often regard errors as reflecting ubiquitous quality problems, and, therefore, they perceive the errors as unpreventable. 25 To avoid this problem, we supplemented the question about preventability with characterization of each incident as involving a cognitive or noncognitive error. Physician reviewers exhibited greater agreement for error type than for the implicit judgment of preventability. In general, noncognitive errors require interventions that help people avoid lapses in concentration, and cognitive errors require interventions that involve additional training or supervision. In this study, noncognitive errors occurred more frequently (73% of the preventable incidents) than cognitive errors (30% of preventable incidents). Noncognitive errors were particularly common in the preanalytic phase of testing (Table 8 shows 7 examples of noncognitive errors made in the preanalytic phase of testing).
In our experience, a common mistake in clinical laboratories is that corrective actions focus on additional training and supervision for noncognitive errors. Examples include suggesting additional training for an experienced phlebotomist who forgot to draw 1 blood tube in a series or for an experienced specimen processor who committed a data entry error at specimen login. In these cases, training is not the most effective intervention. Rather, it is more appropriate to concentrate on improving error checking and decreasing Noncognitive only 64 (68) Failure to enter information from the requisition into the laboratory information system; mislabeled specimens; experienced laboratory staff member selected wrong specimen tube for a common test; specimen placed in the incorrect transportation bin; wrong requisition form chosen for a stat test; laboratory staff member failed to notify provider that specimen was inadequate; common test ordered on the wrong requisition from Cognitive only 23 (24) Mistaking yeasts for host cells on a Gram stain; failure to identify an organism growing on a culture plate; failure to arrange for proper staffing of the processing division; not knowing that critical results cannot be communicated by voice mail only (a provider must be contacted and orally accept the result); failure to implement a downtime policy for notifying hospital floors when the dumbwaiter is not functioning; laboratory staff rejecting a specimen for malaria owing to lack of knowledge about acceptable specimens Cognitive and 5 (5) Provider mislabeled specimen (noncognitive), and laboratory staff misinterpreted existing policy and noncognitive refused to run the specimen even though the provider was willing to take responsibility for the result (cognitive) Unable to determine 2 (2) -work interruptions, task complexity, and the volume of work. For example, decreasing the number of different types of requisitions potentially could reduce the number of errors at specimen login. Increasing staffing or improving the deployment of staff can reduce the probability of work overload. A significant limitation of our study was that many cases were missing data such as specific test information, patient care setting, and patient outcomes. Data were missing owing to incomplete incident reports, incomplete extraction of the incident report data into the research database, and incomplete investigation of the incident owing to delays in receiving incident reports. Specific examples of missing data were (1) knowing that antibiotic sensitivities were reported incorrectly for a hospitalized patient but not knowing the impact on the patient's therapy and condition and (2) knowing the reason and duration for a delay in reporting results but not knowing the specific tests ordered or the patient impact. The missing data have a number of implications for the study, most notably an underestimation of the number of adverse events.
Another limitation of the study is that incident reports, despite their widespread use, are a flawed method for detecting adverse and potential adverse events because they tend to underreport events and may not randomly sample events 26 (for review see Wald and Shojania 27 ). This has led to a number of efforts to improve event surveillance using 1 or more methods such as active physician solicitation, information system-based screening methods, and active chart review. [27] [28] [29] [30] [31] The flaws in incident reporting make it impossible to use the results in this study to calculate the rate of laboratory-related adverse and potential adverse events. In addition, it is possible that events characterized herein are not representative of the institution that was studied.
Our future efforts will concentrate on using an enhanced version of the classification system in a prospective study of laboratory-related incident reports. This study will use pathologists and pathology residents to rapidly capture complete sets of data that include patient outcomes. In addition, to minimize the problem of underreporting associated with incident reports, we are exploring other criteria for identifying laboratory-related adverse and potential adverse events. Examples of other screening criteria include reviewing cases in which corrected laboratory reports were issued in a critical care setting and reviewing stat tests associated with prolonged turnaround times. The application of improved screening criteria should lead to a more accurate determination of the rate and characteristics of adverse events.
We developed a classification tool that can be used to characterize the nature of laboratory-related adverse events. Our plans are to improve the classification system, apply it prospectively to significant events, and use the results to guide our quality improvement efforts. analytic, human time) and technologist did not error recognize that the chemistry instrument had rejected the specimen CSF, cerebrospinal fluid. * All incidents were identified as potential adverse events, and the confidence in the classification was scored as 4 for all incidents. See the "Materials and Methods" section for definitions of terms and an explanation of the scoring systems used.
